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Abstract of EP0279668 

Improved closed cell foams, particularly suitable for use in packaging applications comprise a oluralitv of 
coa esced parallel strands or profiles of thermoplastic resin"^ When the resin is a nin^Zr^ati!SS le 
heat seal strength of a film thereof is at least 30 Newtons/inch (2.5 cm) width. Preferably the resin i^ a 
mixture of an olefin polymer resin and a copolymer of ethylene with one or more copSrizable 
comonomers having a lower melting point than the olefin polymer resin. The cross-section of the strands 
or profiles and/or their spacial arrangement advantageously are such that they are joined aUhefr 
extremities to form a network defining voids. The resin may contain up to 50 weight percent of a 
Sin H?.^^^"i- P:^^^^^'"^ 9?'^°'' black. The strands and profiles suitably are extruded through a multi- 
onficed die in which some onfices are temporarily blocked off to produced the desired structural shape 
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Description 

The present invention relates to foamed products. 
More particularly, the present invention relates to 
unique foam products which, in at least some embodi- s 
merits, have exceptionally good cushioning properties 
at low static loadings and low densities. More particu* 
larty, the present invention relates to such a foam com- 
prising a plurality of coalesced distinguishable 
expanded strands or profiles. io 

Foamed objects comprising a plurality of coalesced 
distinguishable expanded strands of foamed polymers 
(strand foams) have been previously disclosed in US-A- 
3,573,152. The foam objects are prepared by extruding 
a fbamable thermoplastic material through a mutti*ori< is 
f ice die plate, whereby the individual foamable elements 
of the strand are formed, expanded and coalesced upon 
emerging from the die orifices. The exenplif red strands 
are of circular cross-section but there is a reference to 
the production of strands using multi-orificed dies in 20 
which the orifices can be slots, squares, holes or special 
shapes. The advantages of providing the multi-strand 
product are specified to be (a) superior strength in the 
plane transverse to the direction of extrusion; (b) extru- 
sfon to a predetermined shape without any need to trim: 25 
(c) low density product having distinguishable coa- 
lesced cellular strands; and (d) ease of change of shape 
by varying design of the extrusion die. Although there 
are smalt voids formed between adjacent strands in the 
exemplified structures, there is no recognition of any 30 
advantage in maximizing or enlarging the volume of 
said voids from those resulting from dose packing of the 
strands. Further, although the previously mentioned 
US-A-3,573.152 discloses that polyethylene resins may 
be appropriately employed in the preparation of strand 3s 
foams according to the teachings therein contained, 
despite diligent efforts by the present Inventors, no pol- 
yethylene strand foam has been successfully prepared 
following the teachings of such references. 

Shaped closed cell foams are responsive to the 40 
needs of a specific application and can be produced in 
intricate shapes by a continuous process. 

One area in which shaped dosed cell foams are 
widely employed is in the field of padoiging in order to 
provide cushion properties. Fragile objects intended to 45 
be transported may be encased and supported in a 
shaped dosed cell foamed cushion adapted to conform 
to the external shape of the object for which protection 
is desired. Another area is that of seat cushions. A 
homogeneous shaped closed cell foam having a soft so 
surface layer of a low density foam and a shock absorb- 
ing inner layer of a higher density foam is desirable for 
such an application. 

Presently known polyethylene foam cushion materi- 
als possess properties adapted to provide particular ss 
cushioning performance. For example, higher density 
foams are suitably employed to achieve peak decelera- 
tion forces between 40 or 50 G's (tiie gravitational con- 
stant) (400 and 500 m/s^) at static loadings of between 



0.5 and 1.5 pounds per square inch (3.5 - 10.5 kPa) in 
standard 24 inch (61 cm) drop tests. At reduced static 
loadings, between 0.1 and 0.5 pounds per square inch 
(0.5 - 3.5 kPa). lower density foams on the order of 1 .2 
to 1.8 pounds per cubfo foot (1.9 - 2.9 kg/hi^) may be 
employed. However, suitable cushioning, i.e. peak 
deceleration forces less tiian 50 G's (500 m/s^ are not 
obtainable except upon the use of thicker amounts of 
cushioning foam. Larger tiiicknesses of cushfoning 
foam result in excess packaging sizes and concomitant 
elated shipping costs. 

In order to provide closed ceil cushioning foam 
adapted to provide improved cushioning properties at 
reduced static loadings, the present Inventors have 
investigated preparing strand foam or coalesced foam 
by tine techniques disclosed in US-A-3,573,152. In par- 
ticular, in using polyethylene resins and standard chlo- 
rofluorocarbon blowing agents and a suitable die having 
a multitude of dosely spaced small holes therein, the 
emerging strands could not be made to coalesce or 
adhere together under any processing conditions 
employed. In particular, when the foaming temperature 
of the resin was increased in an attempt to provide a 
tacky surface to the emerging strands, foam collapse 
was experienced. Similarly, when the strands were 
reheated after emerging from the die fiace. foam col- 
lapse was again experienced. 

It has now been discovered that tiie ability of a 
fbamable resin formulation to form a coalesced foam 
structure upon exiting a die containing a multiplidty of 
orifices and subsequently foaming is dependent on tiie 
existence of sufficient adhesion between neighbouring 
foam surfaces at the terrperature required for such 
foaming. In particular, certain resins do not possess suf- 
ficient suriiace tacticrty in the melt at the temperatures 
required for foaming to fonm the desired coalesced 
structure. 

For various reasons high loadings of nucleating sol- 
ids may also be incorporated into foam, particularly a 
large cross-section foam board. The nucleating additive 
may be, for example, a cartxm black or a conductive 
fiber added to produce antistatic or conductive foam; a 
fire retardant added to improve foam fire resistance; an 
inert solid or fber added to reduce processing costs or 
change the foam physk;al properties; an additional pol- 
ymer added to change some foam property; a pigment 
added to change foam colour or appearance; or any 
other nucleating solid additive, semi-solid additive or 
combinations of such nudeating additives. 

Often though, the amount of nucleating additives 
which can be added is severely limited due to the unde- 
sirable small cell size in the foam which results when the 
desired level of nucleating additives are added. This 
over nucleation results in small cross-sections, folding 
of foam boards, excessive open cells, poor surface 
appearances and foam collapse. It is not possible 
sometimes to produce larger cross-section foams with 
the desired levels of the nucleating additives. Carbon 
black at a level of five (5) percent or greater and non- 



2 



3 EP0279( 

antimony fire retardants at a level of ten (10) percent are 
examples of these problems. 

In order to provide such a highly loaded improved 
closed cell foam, the present inventors have investi- 
gated preparing highly loaded cartx)n black strand foam 5 
by the techniques disclosed in US-A-4.431,575. 
Although this patent reports a high loading of carbon 
black for potyolef in resin compositions, a stable polyeth- 
ylene foam board through a single slot die with carbon 
black loadings above five (5) percent could not be io 
obtained. 

In Figure 1 . there are depicted the cushioning prop- 
erties of several closed cell poiyolef in foams including a 
foam structure of the present invention. Further descrip- 
tion of the preparation and testing of such foams is con- is 
tained in Example 1 . 

In Figure 2. there is depicted a die face plate com- 
prising narrow slits suitable for preparing a coalesced 
foam having a honeycomb structure. 

In Figure 3. there is depicted a die face plate com- 20 
prising small circular orifices suitable for preparing a 
coalesced foam. 

In Figure 4, there is depicted a die face plate com- 
prising small circular orifices, with some orifices closed, 
suitable for preparing a coalesced foam having an L- 2s 
shaped structure. 

In Figure 5. there is depicted a die face plate com- 
prising small circular orifices, with some orifices closed, 
suitable for preparing a coalesced foam having a t- 
shaped structure so 

In Figure 6, there is depicted a die ^ce plate com- 
prising small circular orifices, with some orifices closed, 
suitable for preparing a coalesced foam having internal 
voids. 

In Figure 7, there is depicted a die face plate com- 35 
prising small circular orifices, with some orifices closed, 
suitable for preparing a coalesced foam having a varia- 
ble density. 

Figures 8-10 are graphs showing the heat seal 
strength of various olefin resins and mixtures of resins 40 
and suitable foaming temperatures therefor. 

According to a first aspect of the present invention, 
there is provided a closed cell foam structure compris- 
ing a plurality of coalesced extruded strands or profiles 
of a foamed thermoplastic composition comprising, in 45 
polymerized form, at least one non-aromatic olefin hav- 
ing a heat seal strength at a foamabte temperature of a 
film of the thermoplastic composition of at least 3.0 
Newton/inch (2.5 cm) width and wherein the foam struc- 
ture has a gross density from 0.1 to 5.0 Ibs/f^ (0.2 - 8 so 
kg/m^) and the strands or profiles are disposed sub- 
stantially parallel to the longitudinal axis of the foam with 
each strand or profile individually being of uniform 
cross«section along said axis. 

In one embodiment of the Invention, the thermo- ss 
plastic composition comprises, in polymerized form a 
compatiljle mixture comprising: 

(a) an olefin polymer selected from homopolymers 



58B1 4 

of ethylene or propylene, copolymers of ethylene or 
propylene and one or more alpha-olefins, and 
mixtures thereof; and 

(b) an interpotymer of ethylene and at least one 
comonomer, said interpolymer having a melting 
point less than the melting point of (a); 

and the foam structure has a density from 0.5 to 5.0 
lbs/ft^ (0.8 - 8 kg/m^). 

The shaped strand foams of the present invention 
are prepared from a thermoplastic resin and a volatile 
blowing agent. 

The strand foams of the present invention are pre- 
pared by the extrusion foaming of a molten thermoplas- 
tic composition utilizing a die containing a multiplicity of 
orifices. The orifices are so arranged such that the con- 
tact between adjacent streams of the molten extrudate 
occurs during the foaming process and the contacting 
surfaces adhere to one another with suff ident adhesion 
to result in a unitary structure. Deslrat)ly. the individual 
strands or profiles of coalesced polyolefin foam should 
remain adhered into a unitary structure to prevent dela- 
mination under stresses encountered in preparing, 
shaping, and using the foam as a cushioning device. 

As a technique for identifying suitable thermoplastic 
compositions for use in the present invention, the afore- 
mentioned measurement of heat seal strength of a film 
thereof Is employed. "Heat seal strength** as used 
herein is defined as the adhesion generated between 
two film surfaces caused to adhere to one another by 
application of 40 lbs/in^ (275 kPa) pressure for 1.0 sec. 
at the temperature being tested followed by cooling the 
film/film laminate for one minute. Such heat sealing may 
be perfonmed by a Sentinel" Hot Tack machine. Model 
12ASL Bond Strength (Heat Seal Strengtii) is tiie force 
in Newtons/ inch (2.5 cm) width required to cause tear- 
ing of at least 50% of the seal area by 180° pull testing. 
The test constitutes a modification of Dow heat seal test 
FS-222 and ASTM F-88. Rims of the various materials 
to be tested may be prepared by placing pellets of the 
appropriate resin between polyethylene ta^ephthalate 
sheets placed in a 10" x 2" (25 x 5 cm) press heated to 
ISO^C. After one minute preheating, tiie pellets are 
compressed under a pressure of 5,000 lbs/in^ (35 MPa) 
for three minutes, cooled, and cut into 1" x 10" (2.5 x 25 
cm) strips. Rim thickness from .004 to .006 inch (0.10 - 
0.15 mm) result. 

The heat seal strength of a thermoplastic composi- 
tion is dependent on the temperature thereof, and gen- 
erally rises as temperature is increased. However, 
suitable foams may be prepared only in a narrow tem- 
perature range. This temperature range is uniquely 
defined for each foamable composition and is depend- 
ent on several factors, most importantiy the melt 
strength of the foamable thermoplastic composition at 
tiie temperature range of interest. This in turn is subject 
to several factors such as the particular thermoplastic 
resin used, the amount and type of blowing agent 
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employed, amount and types of fillers, nucleating 
agents and additional additives, and the presence or 
absence of crosslinkers. Accordingly, depending on the 
density of the individual strands of foam utilized in the 
present invention (refenred to as strand density or local 
density), the extrusion temperature that must be 
employed is severely limited to generally only about Z^'C 
temperature ranga In order to satisfy the requirements 
of the present invention, the resin should possess at 
least the aforementioned heat seal strength at such 
temperature. 

In the appended drawings, Figures 8-10 illustrate 
the above requirements. For various representative 
thermoplastic resins or blends actual heat seal 
strengths are provided. Also illustrated are approximate 
foaming temperatures for such resins. A resin may suit- 
ably be employed according to the present invention 
only if adequate surface adhesion between adjacent 
strands is generated urxJer the conditions required for 
producing a foam. It is seen that such condition may be 
accurately predicted by reference to a film seal strength 
measurement of the same thermoplastic conposition at 
the temperatures In question such as are provided in 
Figures 8-10. 

As suitable thermoplastic resins comprising, in 
polymerized form, a non-aromatic olefin there may be 
utilized copolymers of ethylene and a copolymerizable 
polar monomer especially a cartx>xyt-containing 
comonomer. Examples include copolymers of ethylene 
and acrylic add or methacrytic acid and C1.4 alkyi ester 
or ionomeric derivatives thereof; ethylene vinylacetate 
copolymers; ethylene/cart)on monoxide copolymers; 
anhydride containing olefin copolymers of a diene and a 
polymerizable copolymer; copolymers of ethylene and 
an alpha-olefin having ultra low nnolecular weight (i.e. 
densities less than 0.92); blends of all of the foregoing 
resins; and blends thereof with polyethylene (high, inter- 
mediate or low density). Particularly prefenred thermo- 
plastic compositions are random, homogeneous, 
copolymers of ethylene and acrylic add, (EAA copoly- 
mers) having up to 10% by weight of copolymerized 
acrylic add; ionomeric derivatives of the foregoing, 
copolymers of ethylene and vinyl acetate; ultra low den- 
sity polyethylene; and blends of the foregoing with one 
another and with low density polyetiiyiene. 

When the polyethylene strand foams are prepared 
from a homogeneous blend of olefin resins. Component 
(a) of the resin blend may be any homopdymer of ethyl- 
ene, e.g.. low density polyetiiylene; high density poly- 
ethylene; intermediate density polyethylene; or ultra- 
high molecular weight pdyethylene, a copolymer of eth- 
ylene and one or more C4.8 alpha-olefins, e.g., linear 
low density polyethylene, or a mixture thereof. Prefera- 
bly, component (a) comprises low density polyethylene 
having a density from 0.90 to 0.95 g/cm^ and the melt 
flow rate from 0.1 to 10. Most preferably, the melting 
point of component (a) is from 100 to ISO'^C. 

Preferred amounts of component (a) in the resin 
blend are from 60 percent to 90 percent by weight. 



Component (b) corrprises an interpolymer of ethyl- 
ene and at least one additional comonomer. Examples 
of suitable comonomers indude the welt known car- 
boxyl-containing ethylenlcally unsaturated comonomers 

5 having up to 12 carbons, espedally ethylenlcally 
unsaturated cartx^xylic acids, and ethylenlcally unsatu- 
rated cartx}xy1ic acid esters, and ethylenlcally unsatu- 
rated dicartx>xylic add anhydrides. Additional suitable 
comonomers include cait>on monoxide, conjugated 

w dienes such as butediene. Prefered comonomers are 
carboxyl-containing ethylenlcally unsaturated comono- 
mers. Highly preferred comonomers indude ethylenl- 
cally unsaturated C3.3 carboxylic acids such as acrylic 
add and methacrytic add and C1.5 alkyI esters tiiereof ; 

15 vinyl esters such as vinyl acetate; and ethylenlcally 
unsaturated dicarboxyllc acKl anhydrides such as 
maleic anhydride. 

The polymers of ethylene and at least one cartwxyl- 
containing comonomer may be prepared by addition 

20 polymerization according to known techniques, or by a 
grafting reaction of the reactive carboxyl-containing 
comonomer witii a preformed polymer of ethylene. 
Additional elastomeric components such as 
polyisol3utytene. polybutadiene, ethylene/propylene 

25 copolymers, and ethylene/jpropytene/dlene Interpdy- 
mers may be induded in the blend if desired but are not 
preferred. Moreover, additional components such as 
aosslinking agents designed either to provide latent 
aosslinking of the ethytenic polymer, such as the silane 

30 functional crosslinking agents or covalent or ionic 
aosslinking agents, may be included if desired. 

In a preferred resin composition, component (b) 
comprises a copolymer of ethylene and acrylic acid or 
etiiylene and vinyl acetate containing from 85 percent to 

35 98 percent ethylene. Most preferably, component (b) is 
a homogeneous random copolymer of ethylene and 
acrylic add. Random honfX)geneous copolymers of eth- 
ylene and acrylic acid may be obtained under the trade- 
name EAA available from The Dow Chemical Company. 

40 Ethylene vinyl acetate copolymers may be obtained 
under tiie tradename Elvax from E.I. duPont deNe- 
mours & Company Anhydride modified copolymers of 
ethylene are available under tiie fradename Plexar from 
Norchem, Inc. Ionomeric copolymers are available 

45 under the tradename Surlyn^ from E.I. dufont de 
Namours & Co. 

In yet another prefen-ed resin composition, compo- 
nent (b) comprises an ionomer which is an ethylene 
copolymer with pendant carboxylic acid groups partially 

so or completely neutralized with cations such as NIH^. 
Na^. Zr\**' and Mg^. Such ionomers may be dstained 
under the tradename Surlyn from E.I. duPont de 
Nemours & Co. 

By tiie term "compatible" Is meant that components 

55 (a) and (b), when mixed, demonstrate either a single Tg 
or distinct Tg's such that the differences between them 
is less tiian the differences between the separately 
measured Tg's of the unblended components. 

Blending of component (a) and component (b) in 
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order to provide a suitable resin for melt extrusion to 
prepare the strand foams of the present invention is 
accomplished according to known techniques in the art. 
Suitably; a mixer, extruder or other suitable blending 
device is employed to obtain a homogeneous melt. An 5 
extruder or any other suitable device is then employed 
to incorporate a known blowing agent such as a chlo- 
rofluorocarbon, e.g.. 1 ,2-dichlorotetraf luoroethane, 1.2- 
difluorotetrachloroethane, chiorotrifluoromethane, and 
mixtures thereof with additional agents such as halo- 10 
genated hydrocart)ons, hydrocarbons, carbon dioxide 
and water. Additional agents such as nucleating agents, 
extrusion aids, antioxidants, colorants and pigments, 
may also be included in the blend. 

Provided that the resin meets the heat seal strength 15 
requirement of the invention, resin (a) or resin (b) as 
specified above can be used alone instead of in the 
specified mixture of (a) and (b). 

Additional agents such as nucleating agents, extru- 
sion aids, antioxidants, colorants and pigments may 20 
also be included in the olefin resin blend. However, 
those that function as nucleating additives, which cause 
foam problems can now be added in an amount of from 
0.5 to 50 weight percent, based on resin weight, into the 
foams of the present invention. Those preferred highly 25 
loaded closed cell coalesced foam structures are those 
having a large cross-section. 

Large cross-section foam and board foams are 
terms which define those foam structures having a 
cross-section area of at least twelve (12) square inches 30 
(80 cm^). preferably at least 18 square inches (120 
cm^). and a minimal cross-sectional dimension of at 
least one quarter inch (6 mm), preferably one half inch 
(13 mm). 

The molten extrudate Is then forced through a die 35 
plate comprising numerous small holes in a suitably 
desired spacial anangement or alternatively an array of 
slits, desiratrfy in an oscillating form such as a sine 
wave, honeycomb, square saw tooth or triangular saw 
tooth wave pattem. Most desirably, the alternating slits 40 
are offset so that maxima and minima of adjacent rows 
are aligned with one another so as to assure contact 
between rows of extrudate. In the preferred embodi- 
ment of the invention, illustrated in Figure 2. the die face 
plate. 1. contains several rows of narrow slits. 2. com- 4s 
prising equal length segments joined at 60*" angles and 
aligned with respect to neighbouring slits to provide a 
honeycomb shaped foam structure of separately 
extruded and coalesced profiles. Such foams prepared 
wherein the adjoining profiles contain sections adjacent so 
one another having significant surface areas in mutual 
contact are particularly desired in order to provide struc- 
tures of improved strength. 

Alternatively in the use of holes in the die face plate, 
vanous geometric shapes particularly non-circular 55 
shapes, such as X-. cross*or star-shaped geometry 
may be employed. The holes or slits may be generated 
in the die face plate by the use of electromagnetic dis- 
charge or laser cutting technology as is well-known in 



the art. The spacing and arrangement of the holes or 
slits In the die face plate may be adjusted in order to 
vary the ultimate cushioning properties of the strand 
foam and provide in aoss-sectional view, coalesced 
foam structures of repeating structure containing voids 
having the shape of polygons or closed ounces of any 
description. The only limitation on spadal arrangement 
of the die orifices is that contact and coalescence of 
adjacent strands or profiles after extrusion from the die 
face plate must be achieved. 

In a preferred embodiment of the irrvention, illus- 
trated in Rgure 3, the die face plate, 1. contains several 
rows of small circular holes. 2. which rows may be 
aligned so that the holes in each row are directly over 
each other or are offset as seen in Figure 3. The holes 
may vary In size, but preferably the holes are the same 
size and preferably that size is 0.1 Inch (2.5 mm) diam- 
eter or less. Preferably the hole size Is less than 0.05 
inch (1.3 mm) diameter. 

The present inverttion. with hole sizes less than 0.1 
inch (2.5 mm) in diameter, cause a high pressure drop 
which acts to very uniformly distribute the flow through 
each hole even if the die face is larger than the diameter 
of the foamable material stream entering the die. This 
eliminates the need to make compensations for flow dis- 
tribution in a specific die design, thus allowing the mak- 
ing of complicated shapes without concern for a flow 
distribution effect. 

By provkling a single die with a large number of 
small holes, as opposed to a specially produced die 
useful in producing only a single shape, a variety of 
complicated shapes can be produced from the same die 
by sealing or blocking all the holes but the holes of the 
desired shape. 

The sealing or blocking of holes can be one by any 
method, such as for example remote actuation of hole 
blockers, but the preferred methods are the sealing of 
the holes with a material which can be removed, such 
as epoxy. or the placing of a template on the side of the 
die that first receives the flow of foamable material so 
that the template effectively seals off the holes that are 
desired to be blocked. 

The sealing material or template is easily remova- 
ble so that another shape can be quickly produced from 
the same die with a different template or configuration of 
sealing material with minimal amount of time necessary 
to change the die. 

Rgures 4, 5 and 6 illustrate the die face plate, 1 , 
having the small circular holes. 2. of Figure 3 with some 
sealed or blocked holes. 3. These dies can then contin- 
uously produce the shapes shown. 

It is also possible, according to the present inven- 
tion, to produce rmjitiple shapes from a single die. 

Foams having gross densities (that is bulk densities 
or densities of the closed-cell foam including interstitial 
volumes between strands or profiles) varying from 0.2 
to 5 pounds per cubic foot (0.3 - 8 kg/m^) may be 
obtained according to the foregoing technique. Pre- 
ferred foams are those having a density from 0.5 to 3.0 
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Ib^^ (0.8 - 4.8 kg/m^), especially from 1 .0 to 2.8 pounds 
per cubic foot (1 .6 - 4.5 Uq/vt?) and most preferably from 
1.2 to 2.0 pounds per cubic foot (1.9 - 3.2 kg/m^). The 
individual strands of foam preferably have a local or 
strand density from 0.5 to 6 lbs/ft^ (0.8 - 9.6 kg/m^) and 5 
most preferably from 1 .0 to 3.0 Ibsm^ (1 .6 - 4.8 kg/m^). 

The open channels or voids in the foams of the 
present invention are arranged in a direction parallel to 
the extruded strands. The presence of such open chan- 
nels contributes to the unique cushioning properties of 10 
the present invented foam and their shape, size, and 
frequency of occurrence m^ be varied through adjust- 
ments of the size, location and shape of the die face 
plate's holes or slits. In one emtxxiiment, the voids 
occurring in the Interior of the foam structure or in one is 
portion thereof may be larger, differently shaped or 
more or less numerous than those voids that are nearer 
the sur^ce or in the remaining portion of the foam struc- 
ture in order to provide tailored cushioning properties in 
the resulting structure. Preferably the individual strands 20 
have a maximum cross-sectional dimension and the 
profiles have a maximum thickness from 0.5 to 10.0 
mm, most preferable 1 .0 to 5.0 mm. 

The coalesced strands may form a board or other 
object having a larger cross-sectional area than is pos- 25 
sible utilizing existing polyolefin foam extrusion tech- 
niques. For example, utilizing equivalent extrusion 
rates, a foam structure according to the Invention way 
be prepared having a cross-section that Is up to 8 times 
larger than the maximum cross- sectional area of an 30 
extruded foam article prepared utilizing a single orifice 
opening. 

Desirably, foams according to the present inventbn 
allow the achievement of improved cushioning of 
objects particularly at low static loadings. For example, 35 
preferably according to the present invention, two inch 
(5 cm) thick samples of the invented closed- cetl strand 
foams when tested at a 24 inch (61 cm) drop height 
have dynamic cushioning properties such that objects 
inducing static loads (SL) of from 0.18 to 0.5 Ib/in^ (1 .2 40 
' 3.4 kPa) at the earth's surface experience a peak 
deceleration of less than 65 G's (640 m/s^), preferably 
loads of from 0.15 to 0.4 Ib/in^ (1.0 - 2.8 kPa) experi- 
ence peak decelerations of less than 55 G's (540 nVs^). 
In measuring such cushioning properties, the technique 4s 
employed is ASTM D-1596. 

Having described the invention, the following exam- 
ples are included as illustrative and are not to be con- 
strued as limiting. Parts per hurKlred measurements are 
based on the resin weight so 

Ex amp le 1 

A blend of 80 weight percent polyethylene (PE-620. 
available from The Dow Chemical Company) and 20 ss 
weight percent of a homogeneous random copolymer of 
ethylene and acrylic acid containing approximately 6.5 
percent acrylic acid (EAA-459 available from The Dow 
Chemical Conpany) and 22 parts per hundred 1.2- 



dichlorotetrafluoroethane blowing agent is extruded 
through a 1.5 inch (3.3 cm) extruder connected to a die 
having 89 ec^ally spaced circular shaped holes 
arranged in five rows. The holes were approximately 
0.040 inches (1.0 mm) in diameter and spaced approxi- 
mately 0.125 inches (3.2 mm) between centres. Upon 
extrusion, the individual strands adhered to one another 
to form a unlfbrnily coalesced closed-cell structure. No 
evidence of foam instability was obsen/ed. The resulting 
foam had a gross density of about 2.4 pounds per cubic 
foot (3.8 kg/m^) and had approximately 10 percent by 
volume open channels running in parallel rows in the 
extrusion direction. The diameter of the dosed-cell 
strands was approximately 0.125 inch (3.2 mm). 

The conditions of Example 1 were sut^stantially 
repeated excepting that the resin blend conrprised 
approximately 40 percent by weight of a homogeneous 
random copolymer of ethylene and acrylic add contain- 
ing 6.5 percent acrylic acid (EAA-459 available from 
The Dow Chemical Company) and 30 parts per hundred 
1.2-dfohlorotetrafluoroethane blowing agent. The 
remainder of the resin blend comprised fow density pol- 
yethylene (PE-620 available from The Dow Chemical 
Company). The resin blend was extruded through a die 
face plate having approximately 800 holes. Each hole 
was approximately 0.04 inches (1.0 mm) in diameter. 
Holes and rows were equally spaced at approximately 
0.125 Inches (3.2 mm) between centres. The resulting 
foam had approximately 15 percent open volume in 
channels running in the extrusion direction and had a 
foam density of 1 .8 pounds per cubic foot (2.9 kg/m^). 

Example 3 

A die face plate was provided having 28 individual 
X-shaped indsions with the height and width of each X 
being approximately 0.10 inches (2.5 mm) and the width 
of the incision being approximately 0.015 inches (0.4 
mm). The X-shaped incisions were arranged in 5 rows, 
spaced approximately .0625 inches (1.6 mm) apart. A 
resin blend substantially the same of that in Example 1 
was then extruded through the die face plate at a rate 
such that upon expansfon, the resulting X-shaped foam 
strands contacted one another on the tips only of the X- 
shaped aoss-sectional dimensions. The resulting foam 
contained approximately 35 percent by volume open 
channels in the extrusion directfon of the plank. The 
foam gross density was 2.6 pounds per cubic foot (4.1 
kg/m^). 

Example 4 

A die face plate was provided having 2600 holes 
0.040 inches (1.0 mm) in diameter and 0.1 inch (2.5 
mm) long is arranged in a rectangular pattern 1.70 
inches (43.2 mm) by 21 .0 (533.4 mm) inches with a 0.1 2 
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inch (3.0 mm)spaclng between holes. A blend of 80 
weight percent polyethylene (PE-620, available from 
The Dow Chemical Company) and 20 weight percent of 
a copolymer of ethylene and acrylic acid containing 
approximately 9.0 percent acrylic acid (EAA-459 availa- 
ble from The Dow Chemical Company), 28 parts per 
hundred 1.2-dichlorotetrafluoroethane blowing agent 
and 0.5 parts per hundred talc is extruded, mixed, 
cooled to 110 C and forced through the die face plate. 
Various shapes, including a plank measuring 26 inches 
(660 mm) wide by 2.37 inches (60 mm) thick, are pro- 
duced. The plank has excellent strand adhesion and the 
thickness of the plank varies no nix>re than two (2) per- 
cent of the total thickness. The standard deviation of 
sixty measurements across the width vary only -h/- 0.8 
percent This precise thickness measurement is irrpor- 
tant because it is accomplished without the aid of a 
post-extrusion forming method. Most complicated 
shaped strand foams would also be produced without 
the aid of a post-extrusion forming method. 

Example 5 

A blend of 80 weight percent polyethylene (PE-620. 
available from The Dow Chemical Company) and 20 
weight percent of SuryIn-8660 (obtained from E.I. 
duPont de Nemours & Co.)» 26 parts per hundred of a 
mixture of 1,2-dichlorotetrafluoroethane and dichlorodi- 
f luoromethane blowing agent and 0.8 parts per hundred 
talc is extruded, mixed, cooled and forced through the 
die face plate of Example 4. Nine hundred (900) holes in 
the die are blocked off to provide a homogeneous varia- 
ble density closed cell strand foam plank having the fol- 
lowing characteristics: at about 16 percent through the 
thickness direction from the top of the structure the den- 
sity is about 2.02 Ib/ft^ (3.23 kg/m^); at about 33 percent 
from the top of the structure the density is about 2.18 
Ib/fl^ (3.49 kg/m^); at about 50 percent from the top of 
the structure the density is about 2.54 Ib/ft^ (4.06 
kg/m^) : at about 67 percent from the top of the structure 
the density is about 2.79 Ib/ft^ (4.46 kg/m^); and at 
about 77 percent from the top of the structure the den- 
sity is at)Out 2.45 Ib/ft^ (3.92 kg/m^). This shows that 
variable density closed cell strand foam structures are 
easily and quickly produced. 

Rgure 7 illustrates a die configuration for a homo- 
geneous variable density closed cell strand foam struc- 
ture with the die face plate, 1 , having openings, 2, and a 
first level of t}locked openings in multiples of three, 3. a 
second level of blocked openings in muK^les of two. 4, 
a third level of single blocked openings. 5. and a last 
level having no blocked openings. 

Example 6 

A blend of 80 weight percent polyethylene (PE- 
4005, available from The Dow Chemical Company) and 
20 weight percent of Suryln-8660 (obtained from E.I. 
duPont de Nemours & Co.), and 23 parts per hundred 



1,2-dichlorotetrafluoroethane blowing agent is extruded 
through a 1.5 inch (38.1 mm) extruder connected to a 
die having 89 equally spaced circular shaped holes 
arranged in five rows. The holes were approximately 

5 0.040 inches (1.0 mm) in diameter and spaced approxi- 
mately 0.125 inches (3.2 mm) between centres. Levels 
of 5. 7.5, 8.5 and 10 weight percent carbon black 
(KeQenblack 600, a product of AKZO Chemie N.V.) are 
added. The resulting foams are stable with a surface 

w appearance and size equivalent to strand foams con- 
taining no carbon black. The foam densities range from 
3.0 to 3.5 tb/ft^ (4.8 to 5.6 kg/m^) and have a volume 
resistivity in the range of about 10^ to about 10^ 
ohms/centimeter. 

75 

Testing 

Various converttlonal polyolefin resin foams and the 
strand foam of Example 2 were tested for cushioning 

20 properties. Two inch (5 cm) thick samples of closed cell 
foams were tested for peak deceleration at 24 inch (61 
cm) drop heights. Besides a foam according to the 
invention prepared according to Example 2, three addi- 
tional conventional closed-cell foams (a. b. c) were 

25 tested, a) was a foam of 1 .4 lbs/ft^ (2.2 kg/m^) density 
comprising a blend of ethylene acrylic acid and ethylene 
vinyl acetate (25 weight percent EAA-1430 available 
from The Dow Chemical Company, and 75 percent 
Elvax 470, available from E.I. duPont deNemours & 

30 Company), b) and c) were conventional closed-cell pol- 
yethylene foams of 1.8 and 2.4 pounds per cubic foot 
(2.9 and 3.8 kg/m^) density, respectively. Cushioning 
properties were measured according to ASTM D-1596. 
The results are contained in Figure 1. In the figure, 

35 Example 2, is the result obtained for the foam of Exam- 
ple 2, and (a), (b) and (c) identify the results obtained for 
foams (a), (b) and (c), respectively A computer gener- 
ated empirical f it is supplied for each of the foams. The 
fit is a formula, wherein peak deceleration, measured in 

40 Q*s, is defined as a function of static load (SL) for the 
various curves. 

By reference to Rgure 1 and the results of the test- 
ing, it may be seen that a unique cushioning at)ility at 
reduced static loadings is obtained by the foams 

45 according to the present invention. In particular, at static 
loads from 0.1 to 0.5 pounds per square inch (0.7 to 3.5 
kPa), the strand foams of the present invention produce 
peak decelerations from 65 to 45 G*s (640 to 440 m/s^) 
or less. More particularly, at static loadings from 0.15 fo 

50 0.4 lbs/in^ (1.0 to 2.8 kPa), the oonrpositions of the 
invention provide peak decelerations less than 55 G's 
(540 nrVs^), which are unattainable by the use of equiv- 
alent thicknesses of conventional foam cushfoning 
materials. 

55 The computer generated fit for the various curves 
are as folfows: 

Example 2 Gs = 20.7+31.1(SL)+4.3/SL 
a G's = 32.5+38.2(SL)+2.5/SL 
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5. A foam as claimed in any one of the preceding 
claims, wherein the strands have a non-circular 
cross-sectional shape. 

5 6. A foam as claimed in Claim 5» wherein the strand's 
aoss-sectional shape is that of a star, aoss or X. 

7. A foam as claimed in any one of the preceding 
claims, wherein the strands or profiles when coa- 

10 lesced describe in aoss-section a repeating struc- 
ture containing vokJs having the shape of polygons 
or closed curves. 

8. A foam as claimed in Claim 1 , wherein the thermo- 
15 plastic composition is a copolymer of ethylene and 

a carboxyl-containing conrwnomer. 



b G's = 3.2+37.2(SL)+1 0.9/SL 

C as = 7.2+30.1 (SL)+1 7.7/SL 

Accordingly, foams according to the invention are 
capable of providing peak decelerations measured in 
G's in the range of static loadings from 0.15 to 0.4 Ib/in^ 
(1.0 to 2.8 kPa) less than or equal to the value deter- 
mined by the formula G's = 2.07+31 .1(SL)+4.3/SL 

While cushioning properties are necessary for 
some foam uses, other uses may require only high load- 
ing of a nucleating additive, while still others may 
require both. 

Clainns 

1. A dosed cell foam structure comprising a plurality 
of coalesced extruded strands or profiles of a 
foamed thermoplasb'c composition, said strands or 
profiles being disposed substantially parallel to the 
longitudinal axis of the foam with each strand or 
profile individually being of uniform cross-section 
along said axis, wherein the foam structure has a 
gross density from 0.2 - 8 kgftrp (0.1 to 5.0 Ibsm^); 
the thermoplastic composition comprises, in polym- 
erized form, at least one non-aromatic olefin; and a 
film of the thermoplastic composition has a heat 
seal strength of at least 3.0 Newton/2.5 cm (1 inch) 
width measured by modified ASTM F-8d described 
herein (after cooling subsequent to adhesion at the 
temperature at which the thermoplastic composi- 
tion is foamed). 

2. A foam as claimed in Claim 1 . wherein a 5 cm (2 in) 
thick sample has dynamic cushioning properties 
such that objects inducing static loads of from 1 .0 to 
2.8 kPa (0.15 to 0.4 lbs/in^ dropped from a height 
of 61 cm (24 inches) at the earth's surface experi- 
ence a peak deceleration of less than 540 mf^ (55 
G*s). 

3. A foam as claimed in Claim 1 , wherein the thermo- 
plastic resin is an olefin resin blend of 

(a) an olefin polymer selected from homopoly- 
mers of ethylene or propylene, copolymers of 
ethylene or propylene with one or more C^^ 
alpha-olef ins and mixtures thereof; and 

(b) an interpolymer of ethylene and at least one 
comonomer. said interpolymer having a melt- 
ing point less than the melting point of olefin 
polymer (a). 

4. A foam as claimed in any one of the preceding 
claims, wherein the strands are each 0.5 to 10.0 
mm in the largest cross-sectional dimension, or the 
profiles are each 0.5 to 10.0 mm in aoss-sectional 
thickness. 



9. A foam as claimed in Claim 1 . wherein the thernno- 
plastic composition is selected firom rarxJom, honrto- 
20 geneous, copolymers of ethylene and acrylic acid 
having up to 10 percent acrylic acid and ionomeric 
derivatives thereof; ethyl ene-vinyl acetate copoly- 
mers; ultra low density polyethylene; blends thereof 
and blends thereof with kiw density polyethylene. 

25 

ia A foam as claimed in Claim 1 or Claim 3, wherein 
the thermoplastic composition comprises a polyeth- 
ylene homopolymer. 

30 11. A foam as claimed in Claim 10, wherein said 
homopolymer has a density of 0.90 to 0.95 g/cm^ 
and a melt flow rate of 0.1 to 10. 

A foam as claimed in Claim 1 or Claim 3, wherein 
the thermoplastic composition conrprises an inter- 
polymer of ethylene with an ethylenically unsatu- 
rated C3.8 cartx5xylic acid or with a C1.5 alkyi ester. 

A foam as claimed in Claim 12, wherein said inter- 
polymer is a copolymer of ethylene with acrylic add 
or with vinyl acetate, said copolymer containing 85 
to 98 percent ethylene. 

14. A foam as claimed in Gaim 13. wherein sakl inter- 
45 polymer is a homogeneous random copolymer of 

ethylene and acrylic acid. 

15. A foam as claimed in Claim 1 or Claim 3. wherein 
the thermoplastic composition comprises an iono- 

50 mer which is an interpolymer of ethylene with at 
least one comonomer and having pendant carboxy- 
lic acid groups partially or completely neutralized 
with cations. 

55 16. A foam as claimed in Claim 1, wherein the foam 
contains a nucleating additive in an amount of 0.5 
to 50 weight percent based on the weight of the 
thernfK)plastic compositk>n. 
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17. A foam as claimed in Claim 1 , wherein the themrro- 
plastlc composition comprises a blend of polyethyl- 
ene homopolymers. 

1 8. A foam as claimed in Claim 1 7, wherein the themio- s 
plastic composition comprises a blend of lew den- 
sity polyethylene homopolymers. 

19. A method of preparing a foam structure as claimed 

in Claim 1, comprising extruding the fbamable mol- io 
ten thermoplastic composition through a die plate 
having a plurality of orifices or an an^y of slits 
anranged so that adjacent strands or profiles 
extruded therethrough contact and coalesce to 
form a foam structure in which said strands or pro- is 
files are disposed sut>stantially parallel to the longi- 
tudinal axis of the foam with each strand or profile 
individually being of uniform cross-section along 
said axis. 

20 

20. A method as claimed in Claim 19, wherein the ther- 
moplastic resin is an olefin resin blend of 

(a) an olefin polymer selected from homopoly- 
mers of ethylene or propylene, copolymers of 25 
ethylene or propylene with one or more C4^ 
alpha-olefins and mixtures thereof; and 

(b) an interpolymer of ethylene and at least one 
comonomer, said interpolymer havir^ a melt- 30 
ing point less than the metting point of olefin 
polymer (a). 

21. A method as claimed in Claim 19. wherein some of 
the orifices or slits are temporarily blocked so that 3S 
the remaining openings form the closed-celt foam 
structure in a desired shape. 

22. A method as claimed in Claim 19. wherein the ori- 
fices or slits are of a size and arrangement such 40 
that adjacent extruded strands or profiles are mutu- 
ally orientated and/or shaped and are joined at their 
extremities to form, in aoss-section of the struc- 
ture, a network having voids of polygonal or closed- 
cun^e shape. 4S 

23. A method as claimed in Claim 19. wherein the ther- 
moplastic composition is as defined in any one of 
Claims 8 to 18 or the strands or profiles are as 
defined in any one of Claims 4 to 6. so 

F^atentanspruche 

1. Geschlossenzeilige Schaumstruktur enthaltend 
eine Vielzahl von zusammengefOhrten extrudierten ss 

Strangen oder Profilen einer geschSumten thermo- 
plastischen Zusammensetzung. wobei die Strange 
Oder Profile im wesentiichen parallel zu der LSngs- 
achse des Schaums angeordnet sind und wobei 



16 

jeder Strang oder jedes Profil einzein errtfang der 
Achsen einen gleichfdrmigem Querschnitt hat. 
wobei die Schaumstruktur eine Gesamtdfohte von 
0.2 - 8 kg/m^ (0.1 bis 5.0 Ibsm^) hat; die thermopla- 
stische Zusammensetzung in polymerisierter Form 
mindestens ein nicht-aromatisches Olefin enthdlt; 
und ein Film der thernfx)plastischen Zusammenset- 
zung eine HeiBsiegelsfesttgkeit von mindestens 3.0 
Newton/2.5 cm (1 inch) Breite hat, gemessen durch 
das hierin beschriebene modifizierte ASTM F-88 
(nach dem auf das Verbinden bei der Temperatur. 
bei der die thermoplastische Zusammensetzung 
geschSumt wird, folgende Abkuhlen). 

2. Schaum nach Anspruch 1 . wobei eine 5 cm (2 in) 
dicke Probe solche dynamischen Dampfungsei- 
genschaften hat, daB Objekte, die eine statische 
Last von 1 . 5 bis 2.8 kPa (0.15 bis 0.4 Ibs^n^ indu- 
zieren. die von einer HOhe von 61 cm (24 inches) 
auf die Erdoberf lache fallengelassen warden, einen 
VerzOgerungsspitzenwert von weniger als 540 nVs^ 
(55 G) ausgesetzt sind. 

3. Schaum nach Anspruch 1 . wobei das thermoplasti- 
sche Harz eine Olefin-Harzmischung von 

(a) einem Otefin-Polymer. ausgewdhlt aus 
Homopolymeren von Ethylen oder Propylen, 
Copolymeren von Etylen oder Propylen mit 
einem oder mehreren C4.8-Alpha-Olefinen und 
Mischungen von diesen ist; und 

(b) einem Mischpolymerisat von Ethylen und 
mindestens einem Comonomer, wobei das 
Mischpolymerisat einen Schmelzpunkt hat, der 
niedriger als der Schmelzpunkt des Olefin- 
Polymers (a) ist. 

4. Schaum nach einem der vorangegangenen 
Anspruche. wobei die Strange jeweils ein gr08tes 
QuerschnittsmaB von 0.5 bis 10,5 mm Ausdehnung 
haben, oder die Profile jeweils eine Querschnitts- 
dicke von 0,5 bis 10 mm haben. 

5. Schaum nach einem der vorangegangenen 
Anspruche. wobei die Strange eine nicht kreisf6r- 
mige Querschnittsform haben. 

6. Schaum nach Anspruch 5, wobei die Querschnitts- 
form der Strange die eines Sterns, eines Kreuzes 
Oder eines X ist 

7. Sc^iaum nach einem der vorangegangenen 
Anspruche, wobei die Strdnge Oder Profile, wenn 
sie zusammengefuhrt sind, im Querschnitt eine 
sich wiederholende Struktur enthaltend Hohlraume 
mit dem Aussehen von Polygonen oder geschlos- 
senen Kurven beschrefoen. 
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8. Schaum nach Anspruch 1 , wobei die thermoplastl- 
sche Zusammensetzung ein Copolymer von Ethy- 
len und einem Carboxyl enthaftenden Comonomer 
ist. 

9. Schaum nach Anspruch 1. wobei die thermoplasti- 
sche Zusammensetzung ausgewdhit ist aus belie- 
bigen. homogenen Copotymeren von Ethylen und 
AcrylsSure mit bis zu 10 % AcryisSure und lono- 
mer-Derivaten von dieser; Ethylen- Vinylacetat Cop- 
olymeren; Polyethylene mil duBerst niedriger 
Dichte; MIschungen von diesen und Mischungen 
von diesen mit Polyethylenen niedriger Dichte. 

10. Schaum nach Anspruch 1 oder Anspruch 3, wobei 
die thermoplastische Zusammensetzung ein Poiye- 
thylen-Homopoiymer enthait. 

11. Schaum nach Anspruch 10, wobei das Homopoly* 
mer eine Dichte von 0,90 bis 0.95 g/cm^ und eine 
SchmelzfluBrate von 0.1 bis 10 hat 

12. Schaum nach Anspruch 1 oder Anspruch 3. wobei 
die thermoplastische Zusammensetzung ein 
Mischpolymerisat von Ethylen mit einer ethylenisch 
ungesSttigten Cs.s-Carbons&ure oder mit einem 
Ci-s-Aikylester enthdlt. 

13. Schaum nach Anspnjch 12, wobei das Mischpoly- 
merisat ein Copolymer von Ethylen mit Acrylsdure 
Oder mit Vinylacetat ist. wot>ei das Copolymer 85 
bis 98 % Ethylen enthdlt. 

14. Schaum nach Anspruch 13, wobei das Mischpoly- 
merisat ein beliebiges homogenes Copolymer von 
Ethylen und Acrylsdure ist. 

15. Schaum nach Anspruch 1 oder Anspruch 3, wobei 
die thermoplastische Zusammensetzung ein lono- 
mer enthait. das ein Mischpolymerisat von Ethylen 
mit mindestens einem Comonomer ist und das 
angehdngte Carbonsduregruppen hat. die teils 
Oder vollstandig mit Kationen neutralisiert sind. 

16. Schaum nach Anspruch 1. vtdbet der Schaum ein 
keimbildendes Additiv in einer Menge von 0,5 bis 
50 Gew.-% basiererxl auf dem Gewicht der thermo- 
plastischen Zusammensetzung enthait. 

17. Schaum nach Anspruch 1. wobei die thermoplasti- 
sche Zusammensetzung ein Gemisch aus Polye- 
thylen-Homopolymeren enthait. 

18. Schaum nach Anspruch 17. wobei die thermopla- 
stische Zusammensetzung ein Gemisch aus Polye- 
thylen-Homopdymeren niedriger Dichte enthdit 

19. Verfahren zur Herstellung einer Schaumstruktur 
gemdQ Anspruch 1, enthaitend Extrudieren der 



schaumbaren geschmolzenen thermoplastischen 
Zusammensetzung durch eine Formpiatte mit einer 
Vielzahl von Offnungen oder einer Anordnung von 
Schlitzen. die so angeordnet sind. daB benach- 

5 barte Strange oder Profile, die durch diese extru- 
diert werden, in Kontakl und zusammengefuhrt 
sind. um eine Schaumstruktur zu bilden, in der die 
Strange oder Profile im wesentlichen parallel zu 
den Ldngsachsen des Schaums angeordnet sind, 

10 wobei jeder einzelne Strang oder jedes einzelne 
Profii entlang der Achsen von glerchfOrmigem 
Querschnitt ist. 

20. Verfahren nach Anspruch 19. wobei das thermopla- 
15 stische Harz eine Olefin-Harzmischung aus 

(a) einem Oiefin-Polymer ausgewdhlt aus 
Homopolymeren von Ethylen oder Propylen. 
Copolymeren von Ethylen oder Propylen mit 

20 einem oder mehreren C4.8-Alpha-Olefinen und 

Mischungen von diesen ist; und 

(b) einem Mischpolymerisat von Ethylen und 
mindestens einem Comonomer. wobei das 

S5 Mischpolymerisat einen Schmelzpunkt hat. der 

niedriger ist als der Schmelzpunkt des Olefin- 
Polymers (a). 

21. Verfahren nach Anspruch 19, wobei einige der Off- 
30 nungen oder Schlrtze zeitweilig so blockiert sind, 

da8 die verbleibenden Offnungen eine Schaum- 
struktur mit geschiossenen Zellen in einer 
gewunschten Form bilden. 

55 22. Verfahren nach Anspruch 19. wobei die Offnungen 
Oder Schlitze von einer solchen Gr(56e und Anord- 
nung sind. daB benachbarte extrudierte Strange 
Oder Profile wechselseitig orientiert und/oder 
geformt sind und an ihren duBersten Enden in Ver- 

40 bindung sind, um. tm Querschnitt ihrer Struktur. ein 
Netzwerk mit Hohlraumen von polygonaler Form 
Oder in Form von geschiossenen Kurven zu bilden. 

23^ Verfahren nach Anspruch 19. wobei die thermopla- 
45 stische Zusammensetzung wie in einem der 
Anspruche 8 bis 18 definiert ist oder die Strange 
Oder Profile wie in einem der Anspruche 4 bis 6 
definiert sind. 

so Revendications 

1 . Structure de mousse a alveoles ferm6es compre- 
nant piusieurs brins ou profiles extrudes, se combi- 
nant. d*une composition thermoplastique en forme 
55 de mousse, lesdits brins ou profile 6tant dispose 
sensibiement parali^lement k I'axe longitudinal de 
la mousse, chaque brin ou profile pr6serttant indivi- 
dueltement une section transversale uniforme le 
long dudit axe. dans laquelle la structure de 
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mousse pr^sente une density globale de 0,2 ^ 8 
kg/m^ (0.1 k 5,0 livres/pied^) ; la composition ther- 
moplastique comprend. sous une forme polymer!- 
s§e, au moins une ol6fine non-aromatique ; et un 
film de la composition thermoplastique a une resis- 
tance au scellage k chaud d'au rnoins 3 N/2.5 cm (1 
pouce) de largeur. mesur^e selon la norme ASTM 
F-88 modifi^e d6crite dans le pr^ent document 
(apr^ refroidissement survant Tadh^sion k la tem- 
perature k laquelle on a fait mousser la composition 
thermoplastique). 

2. Mousse conforme k la revendication 1. dans 
laquelle un echantillon d'^paisseur 5 cm (2 pouces) 
a des proprietes dynamiques d'amortissement tel- 
les que les objets impiiquant des charges statiques 
de 1.0 k 2.8 kPa (0.15 k 0.4 ltvre/)X)uce^ qui ont 
chut6 d'une hauteur de 61 cm (24 pouces) k la sur- 
face de la ten-e subissent une pointe de decelera- 
tion de moins de 540 m/s^ (55g). 

3. Mousse conforme k la rev^endication 1, dans 
laquelle la resine thermoplastique est un melange 
de resine oiefinique de : 

(a) une polyol6fine choisie parmi des homopo- 
lymeres d'ethyiene ou de propylene, des copo- 
lymeres d'ethyiene ou de propylene et d'une ou 
plusieurs a-oief ines en 04^8* ^ melanges 
de ces demiers ; et 

(b) un interpolymere d'ethyiene et d'au moins 
un comonomere, I edit interpolymere presen- 
tant un point de fusion inferieur au point de 
fusion de la polyoief ine (a). 

4. Mousse conforme k Tune quelconque des prece- 
dentes revendtcations. dans laquelle la dimension 
de la section transversale la plus grande des brins 
vaut pour chacun d'entre eux de 0.5 k 10.0 mm. ou 
repaisseur de la section transversale des profiles 
vaut pour chacun d'entre eux de 0.5 k 10.0 mm. 

5. Mousse conforme k ( une quelconque des prece- 
dentes revendtcations. dans laquelle les brins ont 
une forme de section transversale qui n*est pas dr- 
culaire. 

6. Mousse conforme k la revendication 5. dans 
laquelle la forme de la section transversale des 
brins est celle d*une etoile. d*une croix ou d'un X. 

7. Mousse conforme k Tune quelconque des prece- 
dentes revendications, dans laquelle les brins ou 
profiles, quand iis se sont combines, montrent en 
coupe transversale une structure repetitive conte- 
nant des vides qui ont la forme de polygones ou de 
courbes fermees. 

8. Mousse conforme k la revendication 1, dans 



laquelle la composition thermoplastique est un 
copolymere d'ethyiene et d'un comonomere conte- 
nant des groupes carixixyle. 

5 9. Mousse conforme k la revendication 1, dans 
laquelle la composition thermoplastique est choisie 
parmi des copolymeres homogenes. statistiques 
d'ethyiene et d*ackle acrylique conportant jusqu*e 
10 % d'acide acrylique et de derives ionomeres de 

10 ces demiers ; des copolymeres ethyiene/acetate de 
vinyle ; un polyethylene ultra-basse densite : des 
melanges de ces derniers et des melanges de ces 
derniers avec un polyethylene basse densite. 

15 10. Mousse conforme k la revendication 1 ou 3, dans 
laquelle ia composition thermoplastique comprend 
un polyethylene homopotymere. 

11. Mousse conforme k la revendication 10. dans 
20 laquelle ledit homopolymere presente une masse 

volumique de 0,90 ^ 0,95 g/cm^ et un indice de f lui- 
dite k retat fondu de 0.1 ^ 10. 

12. Mousse conforme k la revendication 1 ou 3, dans 
25 laquelle la composition thermoplastique comprend 

un interpolymere d'ethyiene et d*un adde carboxyli- 
que en C3.8 k insaturations ethyteniques ou d'un 
ester d'alMe en Ci.5. 

30 13. Mousse conforme k la revendication 12. dans 
laquelle ledit interpolymere est un copolymere 
d*ethyiene et d'acide acrylique ou d'acetate de 
vinyle. ledit copolymere contenant de 85 ^ 98 % 
methylene. 

35 

14. Mousse conforme k la revendication 13, dans 
laquelle ledit interpolymere est un copolymere sta- 
tist'rque homogene d*ethyiene et d'acide acrylique. 

40 15. Mousse conforme k la revendication 1 ou 3, dans 
laquelle la composition thermoplastique comprend 
un tonomere qui est un interpolymere d'ethyiene et 
d'au moins un comonomere et qui presente des 
groupes pendants de type acide cartx>xylique neu- 

45 tralises en partie ou compietemerrt par des cations. 

16. Mousse conforme k la revendication 1. dans 
laquelle la mousse contient un additif de nucieation 
en une quantite de 0.5 d 50 % en poids par rapport 

50 au poids de la composition thermoplastique. 

17. Mousse conforme k la revendication 1, dans 
laquelle la composition thermoplastique conprend 
un melange de polyethyienes homopoiymeres. 

55 

18. Mousse corrfbrme k la revendication 17. dans 
laquelle la composition thermoplastique comprend 
un melange de polyethyienes homopoiymeres bas- 
ses densites. 
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19. Proc6d6 de preparation d'une structure de mousse 
conforme k la reverKlication 1 . qui comprend Textru- 
sion de la corrtposition thermoplastique fondue 
pouvant mousser k travers une plaque de fili^re 
pr^sentant piusteurs orifices ou une s6rie de fentes 5 
dispos^es de telle mani^re que des brins ou profi- 
les adjacents extrudes k travers ces dernl^res sont 
mis en contact et corTibln6s pour former une struc- 
ture de mousse dans laquelle lesdits brins ou profi- 
les sont disposes sensiblemerrt paralieiement k w 
i'axe longitudinal de la mousse, chaque brin ou pro- 
file presentant individuellement une section trans- 
versale unrforme le long dudit axe. 

20. Precede conforme k la revendication 19. dans is 
lequel la resine thennoplastique est un melange de 
resine def inique de : 

(a) une polyoiefine choisie parmi les homopoly- 
meres rfethyiene ou de propylene, des copoly- 20 
meres d*ethyiene ou de propylene et d'une ou 
plusieurs a-oiefines en C4.8. et des melanges 
decesdemiers ;et 

(b) un interpolymere d*ethyiene et d'au moins 

un comonomere, ledit interpolymere ayant un 2s 
point de fusion inf erieur au point de fusion de la 
polyoiefine (a}. 

21. Precede conforme k la revendication 19. dans 
lequel quelques-uns des orifices ou fentes sont 30 
temporairement bloques de maniere k ce que tes 
ouvertures restantes ferment la structure de 
mousse k alveoles fermees sous une forme voulue. 

22. Precede conforme k la revendication 19, dans 35 
lequel les orifices ou fentes presentent une taille et 
une disposition teiles que des brins ou profiles 
extrudes adjacents sont mutuellement orientes 
et/ou mis en forme et sont relies par leurs extremi- 
tes pour former, en coupe transversale de la struc- 40 
ture. un reseau presentant des vides de forme 
polygonale ou de courbe fermee. 

23. Precede conforme k la revendication 19. dans 
lequel la conrposition thermoplastique est con- 45 
forme k Tune quelconque des revendications 8 k 

18. ou les brins ou profiles sont confbrmes k Tune 
quelconque des revendications 4^6. 
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